Objective: Atherogenic index of plasma (AIP), calculated as LOG 10 (triglycerides/high-density lipoprotein-cholesterol), may be utilized to predict risk for cardiovascular disease. Physical activity has been shown to have a favorable association with triglycerides and high-density lipoprotein-cholesterol. The dose-response association between moderate to vigorous physical activity (MVPA) and AIP has yet to be determined in a nationally representative sample of US adults, which was the purpose of this study. Methods: Data from the 1999-2006 National Health and Nutrition Examination Survey were used (N = 6694 adults aged 20-85 y). Leisure-time physical activity over the previous 30 days was self-reported, whereas AIP was calculated from a venous blood sample. Multivariable linear and logistic regression tested the independent association between MVPA and AIP. Results: The authors observed a significant inverse, graded association between quantile of MVPA and the AIP (P trend < .001). Conclusion: Engaging in MVPA may attenuate the risk for cardiovascular disease via improvements in AIP. More longitudinal research is necessary to confirm these cross-sectional findings.
The atherogenic index of plasma (AIP), calculated as LOG 10 (triglycerides/high-density lipoprotein-cholesterol [HDL-C]), 1 is directly associated with cardiovascular disease (CVD) risk. [2] [3] [4] Triglycerides and HDL-C are both measured during a traditional lipid profile assessment, making this a feasible measure to employ in the clinical setting. Notably, AIP has been shown to be a better predictor of CVD risk when compared with other atherogenic indicies 3, 5 or lipids alone. 4 The potential utility of AIP as a marker for CVD underscores the importance of exploring various independent factors associated with AIP, in order to develop and implement the most effective risk reduction strategies.
Physical activity has been shown to favorably associate with HDL-C 6 and triglycerides 7 and is well understood to inversely associate with CVD risk. 8, 9 Recent experimental work has also demonstrated an inverse relationship between aerobic exercise and AIP. 10 However, some intervention-based research investigating the exercise-AIP relationship has presented mixed results. For instance, an 8-week continuous aerobic exercise intervention significantly reduced AIP in young adult men, whereas an 8-week interval-based exercise intervention did not. 11 Similarly, a 12-week aerobic training program in adult men resulted in significantly decreased AIP, whereas a 12-week resistance-training program yielded no significant changes. 12 Given the paucity of research evaluating the associations of modifiable behaviors (eg, physical activity) with AIP and the previously mentioned mixed results of experimental work on physical activity and AIP, the purpose of the present brief report was to examine the dose-response association of moderate to vigorous physical activity (MVPA) and AIP among a nationally representative sample of US adults. Such a study, to the authors' knowledge, has yet to be conducted. Examining this doseresponse association within a nationally representative sample will increase the evidence supporting a biological link between the physical activity and the AIP and will maximize the generalizability of the authors' findings beyond those of the previously mentioned intervention studies.
Methods

Study Design and Participants
Data from the 1999-2006 National Health and Nutrition Examination Survey (NHANES) were analyzed for this report. Written informed consent was obtained from all participants. The NHANES is an ongoing survey conducted by the Center for Disease Control and Prevention designed to evaluate the health status of US adults through a complex, multistage, stratified clustered probability design. Further details of NHANES can be found elsewhere (http://www.cdc.gov/nchs/nhanes.htm). Participants included 6694 adults (aged 20-85 y) with complete data on the study variables.
Physical Activity
As described elsewhere, 13 participants were asked open-ended questions about participation in leisure-time physical activity over the past 30 days. Data were coded into 48 activities, including 16 sports-related activities, 14 exercise-related activities, and 18 recreational-related activities. For each of the 48 activities, where participants reported MVPA for the respective activity, they were asked to report the number of times they engaged in that activity over the past 30 days and the average duration they engaged in that activity.
For each activity, metabolic equivalent of task ([MET]·min/ mo) was calculated by multiplying the number of days, by the mean duration, by the respective MET level (MET·min/mo = d × duration × MET level). The MET levels for each activity are provided elsewhere. 14, 15 Participants engaging in ≥2000 MET·minute per month of leisure-time physical activity were defined as meeting physical activity guidelines. This is based on recommendations from the Office of Disease Prevention and Health Promotion, 16 indicating that weekly physical activity of at least 500 MET·minute per month is consistent with government MVPA guidelines and sufficient for producing substantial health benefits. As described elsewhere, 13 this self-reported physical activity measure has demonstrated evidence of convergent validity by associating with accelerometer-determined physical activity.
Atherogenic Index of Plasma
The AIP was determined from a venous blood sample and calculated as: LOG 10 (triglycerides/HDL-C), with triglycerides (mg/dL/ 88.57) and HDL-C (mg/dL/38.67) expressed in mmol/L. Based on the manner of calculation, values for the AIP can range below and above 0. For example, if someone had a triglyceride level of 110 mg/dL and an HDL level of 90 mg/dL, their AIP would be −0.273 mmol/L (LOG[110 mg/dL/90 mg/Dl] = −0.273). The AIP was expressed as a continuous variable, whereas AIP > 24 mmol/L was considered elevated. 2 This threshold was based on the association of AIP with various clinical outcomes, such as hypertension, diabetes, and dyslipidemia. 2 
Statistical Analysis and Covariates
Both MVPA and the AIP were used as continuous and categorical variables in the multivariable linear and logistic regression analyses. All analyses adjusted for the NHANES complex, multistage probability design. In all models, the following covariates were included age, sex, race/ethnicity, physician-diagnosed hypertension, totaland low-density lipoprotein-cholesterol concentrations, body mass index, smoking status, and cholesterol-lowering medication. A multiplicative interaction between MVPA and each covariate was tested by creating a cross-product term and including it, along with the main effects and the covariates, in the regression modeling. In order to determine whether there was a dose-response association between MVPA and AIP, quantiles of MVPA were created (Q1 = 0, Q2 = 444-491, Q3 = 2457-2596, and Q4 = 12,711-14,835 MET·min/mo). Findings from the regression modeling were expressed as adjusted parameter estimates (β) or odds ratios (ORs), along with their 95% confidence interval (CI). All statistical analyses were performed using Stata (v 12; College Station, TX), with an alpha level set at α < .05.
Results
Weighted characteristics of the analyzed sample are shown in Table 1 . Participants, on average, were 44 years of age and mostly white, with an equal number of men and women. About 47% of the participants met MVPA guidelines based on their reported physical activity. In the multivariable linear regression modeling, those participants who reported ≥2000 MET·minute per month of MVPA had a significantly lower AIP than those who did not (β adjusted = −0.04 mmol/L; 95% CI, −0.06 to −0.02 mmol/L). Moreover, those meeting MVPA guidelines experienced a 33% lower odds of having an elevated AIP than their less-active counterparts (OR = 0.67; 95% CI, 0.57 to 0.79). These findings were not influenced by sociodemographic characteristics, hypertension, total-or low-density lipoprotein-cholesterol concentrations, body mass index, smoking status, or cholesterol-lowering medication. Moreover, the independent association between MVPA and AIP did not vary by level of any covariate, as none of the interaction terms achieved statistical significance.
As indicated by unadjusted data in Figure 1 , the authors observed a significant inverse, graded association between quantile of MVPA and the AIP (P trend < .001). After adjustment for the covariables of interest, those participants in Q2 (444-491 MET·min/mo) had an AIP that was 0.038 mmol/L lower (95% CI, −0.06 to −0.01 mmol/L) than participants in the bottom quantile (the referent group). Participants in Q3 (2457-2596 MET·min/mo) lowered their AIP by 0.033 mmol/L (95% CI, −0.05 to −0.01 mmol/L), whereas the most active participants in Q4 (12,711-14,835 MET·min/month) had an AIP about 0.063 mmol/L lower (95% CI, −0.08 to −0.04 mmol/L) compared with the referent group. In terms of cardiovascular risk, the authors observed about a 30% lower odds of an elevated AIP in Q2 (OR = 0.71; 95% CI, 0.52 to 0.96), and Q3 (OR = 0.72; 95% CI, 0.60 to 0.86) compared with the referent group, whereas those participants reporting the highest level of MVPA lowered their odds by 42% (OR = 0.58; 95% CI, 0.49 to 0.68). 
Discussion
The AIP is a lipid profile ratio that may serve as a marker for chronic conditions related to atherosclerosis (eg, CVD). [2] [3] [4] In accordance with a previous study, 10 the authors observed an inverse association between MVPA and AIP. Specifically, participants who reported ≥2000 MET·minute per month of MVPA had a significantly lower odds of having an elevated AIP (>24 mmol/L), and these findings were independent of a number of important sociodemographic and clinical variables. This study extends previous findings by demonstrating a significant, inverse dose-response association between quantile of MVPA and both level of AIP and the risk of an elevated AIP. The present findings, though strengthened by the use of a large and nationally representative sample, should be interpreted with consideration of the limitations of a cross-sectional study design. It is possible that individuals with a higher AIP level may choose to engage in less MVPA as a result of certain physical limitations. However, the implied conclusion that inadequate levels of MVPA may result in a higher AIP, is also plausible, particularly given the previous intervention work on this topic. 11, 12 Mechanistically, there is still much to learn regarding the exercise-lipid profile relationship. 17 Notably, there is some evidence that MVPA promotes the preferential utilization of lipids over glycogen for fuel, 18 resulting in lower circulating lipid levels. 17 Exercise has also been postulated to alter the rates of key enzyme reactions (eg, cholesterol ester transfer protein) involved in cholesterol esterification, 19 which correlates with AIP. 20 
Conclusion
The main findings of this brief report indicate that adults who engaged in recommended levels of MVPA had a reduced odds of elevated AIP, and that these benefits may occur in a dose-response manner. Along with additional mechanistic research, future longitudinal studies on the current topic are needed to confirm our findings. A continued investigation, via experimental interventions, of the differential effects of varying durations, intensities, and types of exercise on AIP would also be beneficial for providing the most effective CVD prevention and risk reduction strategies.
